A simplified appendicitis score in the diagnosis of acute appendicitis PL Goh Introduction: Scoring systems such as the Modified Alvarado Score (MAS) can help in the early diagnosis of acute appendicitis (AA) but is cumbersome to use and has not found widespread popularity. A more robust, user-friendly Simplified Appendicitis Score (SAS) was investigated. Methods: Patients presenting with suspected AA were prospectively enrolled. The performance of the SAS (using only 5 variables − migratory pain, right lower quadrant tenderness, rebound pain, fever >37.3 degrees Celsius and leucocytosis >12,000/ uL) was analysed and compared to the MAS. Results: Out of 238 patients enrolled over four months, 95 (39.9%) patients underwent appendectomy, of which 81 patients had histologically proven AA. A MAS of ≥8 was 92.4% specific for ruling in AA, while a score of <5 was 91.4% sensitive in ruling out AA. A SAS of ≥6 was 91.7% specific for ruling in AA, while a score of <4 was 90.1% sensitive in ruling out AA. Conclusions:
Introduction
Acute appendicitis (AA) is a common cause of abdominal pain, yet even in this day and age, it can be difficult to diagnose, especially in the early stages of the disease process. Failure to make an early, correct diagnosis contributes to appreciable morbidity and mortality.
Various adjuncts to increase diagnostic accuracy are available but they are by no means ideal. Computeraided diagnoses often require a proprietary and costly program and doctors are often reluctant to use such aids because they 'impinge' upon the 'art' of clinical judgement. The use of laparoscopy enables the abdominal cavity to be visualised directly, but is disadvantaged by its invasiveness. Advanced imaging using ultrasound and computed tomography has shown much promise, but the accurate interpretation of the results is not easy without specialised radiological training. The use of scoring systems is attractive because it requires no special equipment, is userfriendly and easily comprehensible to the clinician. Numerous scoring systems have been developed over the years and promising results have been reported, yet many surgeons remain skeptical of their results and they have yet to find widespread clinical use. [1] [2] [3] [4] Their use in primary care clinics and emergency departments is also limited, perhaps by the difficulty in remembering the various components of each score.
In this study, the authors sought to validate the widely used Modified Alvarado Score (MAS) and to investigate whether simple modification of its component variables could result in a more robust and user-friendly score.
Methods
This prospective study was conducted at Changi General Hospital, an 800-bed tertiary hospital in Singapore. Over a 4-month period (July to October 2006), all patients presenting to the emergency department with features suggestive of AA were admitted to the hospital. A checklist of clinical features likely to be present in AA was filled by the attending physician independently. Upon discharge, their inpatient charts were reviewed for the following information: inpatient progress, relevant investigations, definitive surgical procedures done (if any), and eventual discharge diagnosis.
With reference to the MAS, the authors felt that the variables "anorexia" and "nausea/vomiting", being subjective symptoms, were prone to cultural and ethnic variation in reporting by the patient, and therefore less reliable. 5 We postulated that the omission of these two variables would result in a more objective score. In addition, the use of 10,000/uL as the cut-off for leucocytosis was felt to be too low as most reference sources already consider 10,800/uL to 11,100/uL to be the upper end of the normal range of white blood cell count (WBC). 6, 7 In addition, smoking can cause WBC to be elevated to 11,200/uL in women and 11,500/uL in men. 8 For this reason, the authors postulated that a raised WBC cut-off of 12,000/uL might be more appropriate.
The performance of a Simplified Appendicitis Score (SAS) using only 5 variables (migratory pain, right lower quadrant [RLQ] tenderness, rebound pain, fever >37.3 degrees Celsius and WBC >12,000/uL) was analyzed and compared to the original MAS. As with the original MAS, the presence of RLQ tenderness and WBC >12,000/uL scored double compared to the rest of the variables.
Using the histologically proven cases of AA as the standard, the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), accuracy and area under the curve (AUC) with the associated 95% confidence intervals of the MAS and the SAS were calculated. The AUC of the two scores were compared. The statistical significance was set at p<0.05. All the analyses were performed using STATA version 9.1.
Results
Within the four-month study period, a total of 238 patients were admitted with suspected AA. After inpatient surgical review, serial assessments and necessary investigations, 143 (60.1%) patients were e v e n t u a l l y d i s c h a r g e d w i t h o u t u n d e r g o i n g appendectomy; 95 (39.9%) patients underwent appendectomy, of which 81 had histologically proven AA, while 14 patients had normal appendectomy.
The ability of the MAS in predicting AA at various cut-offs was then charted in the form of a receiver operating characteristic (ROC) curve. The performance of the MAS ≥7 in predicting AA was as follows: sensitivity 64.2%, specificity 80.9%, PPV 63.4%, and NPV 81.4% (Table 1) . A score of ≥8 was more than 90% specific for ruling in AA (specificity 92.4%, sensitivity 29.6%), whereas a score of <5 was more than 90% sensitive in ruling out AA (sensitivity 91.4%, specificity 36.9%).
A combination omitting both "anorexia" and "nausea/ vomiting" with leucocytosis cut-off of 12,000/uL yielded the following results: a score of ≥5 predicted AA with sensitivity 77.8%, specificity 73.3%, PPV 60%, NPV 86.5% (Table 2) . A score of ≥6 was more than 90% specific in ruling in AA (specificity 91.7%, sensitivity 44.4%), while a score of <4 was more than 90% sensitive in ruling out AA (sensitivity 90.1%, specificity 52.2%).
A comparison of the AUC of MAS and SAS did not reveal any significant differences (Table 3 ).
Discussion
The original score derived by Alvarado utilised 8 predictive factors, with 10 as the maximum score. 9 Kalan later described the MAS where one of the factors (neutrophil left shift) was dropped, thus it utilised only 7 predictive variables, with 9 as the maximum score. 10 Since then, there have been numerous validation studies of both the original Alvarado score as well as the MAS, not surprisingly with vastly differing ranges of sensitivity and specificity. [11] [12] [13] [14] In a review of the various diagnostic scores for AA, Ohmann et al found Perhaps not surprisingly, the use of scoring systems in the diagnosis of acute appendicitis has never found widespread popularity. However, most studies quote their performance at the point of optimal balance between sensitivity and specificity, but in practical terms, this is not the ideal way to utilise such scores. A much better way to use such scoring systems is to choose a point that optimises either sensitivity or specificity, depending on the clinical goal. For example, a primary care physician or an admitting emergency physician is mainly concerned about not missing AA, and therefore would be most interested in the lower end of the score (which optimises sensitivity). On the other hand, a surgeon would likely be most interested in considering those patients with a higher score (which optimises specificity) for surgery. In this manner, different practitioners may use the same score to achieve different objectives. In our study, we have found that a simplified appendicitis score (SAS) using only 5 variables had similar performance to the MAS. As discussed above, different SAS cut-offs may be used for different purposes. A SAS of ≥5 yielded an optimal balance of 77.8% sensitivity and 73.3% specificity. A SAS of <4 may be used as a 'screening' tool to 'exclude' AA with a sensitivity of 90.1%, while a SAS of ≥6 'rules in' AA with a specificity of 91.7%. Should more 'stringency' be required, a SAS of <3 would exclude AA with a sensitivity of 97.5%, while a SAS of 7 rules in AA with a specificity of 98.7%.
It is reasonable to expect that a simpler score with fewer variables will translate in practical terms to be more frequently used, but this remains unproven. This new scoring system must also be prospectively validated before it can be considered as a replacement for the MAS. A follow-up study will attempt to address these two issues.
The study has several limitations. As discussed, the performance of such diagnostic scores is very much dependent on the differing thresholds for admission and surgery for such patients, and will therefore vary widely amongst various institutions and practices. The use of any diagnostic score, regardless of performance, can at best only be a diagnostic aid, and should never be used to replace astute and careful clinical judgement.
Conclusion
The performance of the MAS can be maintained by omitting the subjective variables (anorexia and nausea/ vomiting), and increasing the leucocytosis cut-off level. A simplified appendicitis score (SAS) using only 5 variables (migratory pain, RLQ tenderness, rebound pain, fever >37.3 degrees Celsius and WBC >12,000/uL) performed as well as the original MAS.
